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Studies on individual vortex-flame interactions constitute important elements for the understanding of
the turbulent-flame structure. Vortices having sufficiently high normal velocity can pass through the flame
by extinguishing it locally. In several circumstances, they deform the flame surface significantly before
attaining extinction conditions. The development of curvature on the flame surface, especially in hydrogen
flames, could lead to different quenching patterns. An experimental/numerical investigation is performed
to explore possible quenching patterns in opposing-jet diffusion flames. A diluted hydrogen-nitrogen mix-
ture is used as the fuel. Vortices are driven toward the flame surface with different velocities from the air
side. The changes in the structure of the flame during its interaction with the incoming vortex are recorded
by measuring instantaneous OH-concentration fields using the laser-induced fluorescence (LIF) technique.
A time-dependent CFDC code that incorporates 13 species and 74 reactions is used for the simulation of
these vortex-flame interactions. Both the experiments and calculations have identified two types of quench-
ing patterns; namely, point and annular. It is found that when an air-side vortex is forced toward the flame
at a relatively high speed, then the flame at the stagnation line quenches, resulting in a well-known point-
quenching pattern. On the other hand, when the vortex is forced at a moderate speed, the flame surface
deforms significantly, and quenching develops in an annular ring away from the stagnation line, resulting
in an unusual annular-quenching pattern. Detailed analyses performed just before the development of
annular quenching and 1 ms later suggest that this unusual annular quenching did not result from the
strain rate. Based on the understanding gained from previous investigations on curvature effects in coaxial
hydrogen jet flames and the findings made in the present study, it is argued that such quenching develops
as a result of the combined effect of preferential diffusion and flame curvature.

Introduction

Recently, numerous investigations (experimental
and numerical) [1–3] have been performed to quan-
tify the scalar structure of steady state, aerodynam-
ically strained, planar diffusion flames. Such studies
on counterflow diffusion flames have not only pro-
vided benchmark experimental data but also yielded
valuable insight into the flame behavior in response
to strain rate. However, in practical combustion de-
vices, flames are subjected to severe unsteadiness
resulting from the random motion of vortices [4,5];
this has led to studies of unsteady counterflow
flames. To retain the simplicity offered by planar dif-
fusion flames, unsteadiness is imposed on counter-
flow flames by fluctuating the fuel and air jets si-
multaneously and sinusoidally [6,7]. These studies
have demonstrated that the unsteady flames can be
stretched beyond the steady-state extinction limit.

During vortex-flame interactions, which are often
considered as the building blocks for statistical the-
ories of turbulence, the flame surface is subjected
not only to unsteadiness but also to deformation.
Studies of Law [8], Mizomoto et al. [9], and Takagi
and Xu [10] have shown that the structure of a fla-
melet depends on the curvature and the preferential
diffusion associated with species having different
molecular weights. To investigate the effects of cur-
vature on flame structure, both theoretical and ex-
perimental studies have been initiated. In particular,
experiments designed by Roberts et al. [11] and Ro-
lon [12] have created great interest, especially be-
cause of their unique abilities to shoot a well-char-
acterized vortex toward the flame surface.

Several investigators have developed models [13–
15] for the study of vortex-flame interactions in
opposing-jet flames. In all of these models, it is
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assumed that an artificially created vortex pair (by
specifying the vorticity field) interacts with a flat
flame formed in a parallel flow. Although such an
assumption has advantages in exploring interesting
aspects of the vortex-flame interactions, these inves-
tigations do not represent the actual interactions in
opposing-jet flames; hence, they could not yield di-
rect comparisons between predictions and measure-
ments.

Recent advances in computer-hardware technol-
ogy and the need for improving the understanding
of combustion phenomena under complex practical
situations have led to the development of two- and
three-dimensional computational fluid dynamics
models that incorporate detailed chemical kinetics
[16,17]. However, to our knowledge, no complete
simulation of the counterflow diffusion flame has yet
been reported. Such simulations would not only
eliminate the concerns of the simplified analyses but
also provide a valuable tool for studies of vortex-
flame interactions in counterflow premixed [11] and
diffusion [12] flames.

This paper describes a numerical and experimen-
tal study performed on the vortex-flame interactions
in a hydrogen opposing-jet diffusion flame. The
Computational Fluid Dynamics with Chemistry
(CFDC) code was validated by direct simulation of
the steady-state counterflow diffusion flame. The
calculated instantaneous flowfield that reveals the
annular-quenching pattern is compared with the
measured OH-concentration image. The processes
leading to annular quenching during the vortex-
flame interaction are investigated by analyzing the
flame structures obtained at different locations and
times.

Mathematical Model

Time-dependent, axisymmetric Navier–Stokes
equations written in the cylindrical-coordinate (z-r)
system are solved along with species- and energy-
conservation equations [18]. A detailed chemical-ki-
netics model has been used to describe hydrogen-
air combustion. This model consists of 13 species;
namely, H2, O2, H, O, OH, H2O, HO2, H2O2, N,
NO, NO2, N2O, and N2. A detailed chemical-kinet-
ics model having 74 reactions among the constituent
species is used, and the rate constants for this H2-
O2-N2 reaction system were obtained from Ref. [19].

Temperature- and species-dependent property
calculations are incorporated in the model. The en-
thalpy of each species is calculated from polynomial
curve fits that were developed for the temperature
range of 300–5000 K. The viscosity and thermal con-
ductivity of individual species are estimated from the
Chapman–Enskog collision theory, and the mixture
properties are obtained using Wilke’s semiempirical
formulae. The effective binary-diffusion coefficient

of the individual species in the local mixture is cal-
culated using molecular dynamics and the Lennard–
Jones potentials.

The governing equations are integrated on a non-
uniform staggered-grid system. An orthogonal grid
having rapidly expanding cell sizes in both the axial
and radial directions is employed. The finite-differ-
ence forms of the momentum equations are ob-
tained using an implicit QUICKEST scheme
[20,21], and those of the species and energy equa-
tions are obtained using a hybrid scheme of upwind
and central differencing. At every time step, the
pressure field is calculated by solving the pressure
Poisson equations simultaneously and utilizing the
LU (Lower and Upper diagonal) matrix-decompo-
sition technique.

Experimental Setup

The burner geometry used for the vortex-flame-
interaction studies in opposing-jet flames was ini-
tially designed by Rolon [12]. It consists of 25-mm-
diameter inner nozzles, 40-mm-diameter outer
nozzles, and syringe tubes of 5-mm diameter. Fuel
(a mixture of hydrogen and nitrogen) and air are fed
through the upper- and lower-inner nozzles, respec-
tively. Nitrogen was used in the outer nozzles to
shield the flame from the ambient air. Even though
the tip of the syringe tube is placed 5 mm upstream
of the inner nozzle exit in the experiment, it has been
assumed to be flush with the nozzle exit in the pres-
ent numerical investigations. In a typical experi-
ment, a steady-state opposing-flow jet flame is ini-
tially established by flowing fuel and air at specified
flow rates through the respective nozzles. Vortices
are shot toward the flame surface from either the
fuel or the air side by rapidly injecting a specified
amount of fluid from the respective syringe tube.
The vortices are usually characterized [12] by the
amount and duration of fluid injection. The resulting
changes in the structure of the flame because of its
interaction with the approaching vortex are recorded
by measuring instantaneous relative OH-concentra-
tion fields using the laser-induced fluorescence
(LIF) technique.

Results and Discussion

Experiments were performed using this burner for
different flow conditions and vortex sizes and shapes.
In the present study, the flat flame formed between
the fuel and air jets having velocities of 0.69 and 0.5
m/s, respectively, is considered. The hydrogen-to-ni-
trogen molar ratio used for the fuel jet is 0.38. Cal-
culations for this axisymmetric flame were made us-
ing a nonuniform 301 2 121 mesh system that
yielded a mesh spacing of 0.1 mm in both axial (z)
and radial (r) directions in the region of interest.
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Fig. 1. Structure of steady-state flame established be-
tween 37.6% H2 diluted with N2 and air jets. Air-side strain
rate induced on the flame is 48 s11.

Steady-State Flame Structure

The CFDC model developed for the simulation
of a time-dependent jet diffusion flame was previ-
ously validated by simulating the counterflow jet dif-
fusion flames studied by Sung et al. [22] and the
coaxial flames investigated by Grisch et al. [23]. The
computed flame structure at the stagnation line of
the steady-state flame used in this study is shown in
Fig. 1 in the form of distributions of velocity gradient
normal to the flame (dU/dR), molar production rates
of various species (xi), temperature (T), and heat
release rate (q). Here R represents the line that is
normal to the flame surface. Note that since the
flame is symmetric, the normal to the flame surface
at this location coincides with the stagnation line.
The flame structure shown in Fig. 1 is not compared
with the experimental one because of the lack of
quantitative data; however, it compares well with
that of a typical opposing-jet diffusion flame [22]. On
the other hand, the calculations made for slightly
different flow rates yielded good agreement with the
experimental data of Rolon [12].

An opposing-jet flame is usually characterized by
the air-side strain rate (Kair), which may be obtained
by calculating the maximum velocity gradient on the
air side of the flame [3]. The 48-s11 strain rate of
the steady-state flame in Fig. 1 represents that of a
weakly strained flame. In general, the peak strain
rate on the fuel side (60 s11) will be greater than
that on the air side as a result of the difference in
the density of the two jets. Although the peaks in
production rates of O and OH radicals appear on the
air side of the flame (peak temperature or heat-re-
lease-rate location), the H radicals are produced at
the highest rate on the fuel side. Because the flame
surface is flat (zero curvature) at this location, the

flame structure is not affected by the preferential
diffusion of various species having different Lewis
numbers in a hydrogen flame.

The steady-state strain rate on the opposing-jet
flame can be increased by gradually increasing the
velocities of the fuel and air jets. Calculations were
repeated by varying jet velocities, and it was found
that a stable steady-state flame can be obtained for
maximum fuel and air jet velocities of 16 and 14
m/s, respectively. These velocities yielded an air-side
strain rate (Kair) and flame temperature of 1410 s11

and 1130 K, respectively; these values agree favor-
ably with calculations made by Gutheil et al. [24]
using full chemistry for hydrogen-air combustion.

Vortex-Flame Interaction

As discussed earlier, vortices are shot toward the
flame surface from the air side by injecting a speci-
fied amount of fluid (2.2 cm3 of air) through the
syringe tube. Vortex evolution and its interaction
with the flame surface depend on the injection time.
In general, with the shorter injection times, the gen-
erated vortices travel faster toward the flame surface
and affect its structure as the local flow time scales
approach the chemical time scales. When the former
time scales decrease to a certain level, one might
expect localized quenching on the flame surface. On
the other hand, the flame surface develops more cur-
vature during the vortex-flame interaction with a
slower vortex as the flow time scales become com-
parable to the diffusion time scales. Because of the
preferential diffusion of different species in hydro-
gen flames, the curvature of the flame can also affect
its chemical structure, which means that in hydrogen
flames both the faster- and slower-moving vortices
could affect the flame structure.

Experiments were conducted on vortex-flame in-
teractions by changing the injection time. Instanta-
neous flame structures were obtained by recording
OH-concentration distributions. As expected, for
shorter injection times, the vortex was able to
quench the flame at the stagnation line (point
quenching) and penetrate through the hole formed
on the flame surface. Interestingly, for longer injec-
tion times, the vortex deformed the flame surface
significantly, and it was observed that quenching on
the flame surface first occurs annularly at a location
5-mm radially outward from the stagnation line and
then propagates toward the stagnation line (r 4 0).
The OH image obtained for the 10-ms injection-
time condition is shown in Fig. 2. This instantaneous
image was obtained using the LIF technique. It is
known that the concentration of OH in a flame cor-
relates well with the reaction zone. Fig. 2 suggests
that the vortex, having a diameter of 13 mm, trav-
eling from the air side has shifted the flame (reaction
zone) at the stagnation line by about 0.6 diameter.
Note that because the steady-state flame used in this
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Fig. 2. Relative concentration of OH measured 10 ms
after firing the vortex toward the flame. Experiment was
performed using the LIF technique.

Fig. 3. Variation of local normal velocities with time ob-
tained at four locations along the stagnation line. Straight
line with a slope of 103 m/s/s at z 4 0 represents the per-
turbation velocity imposed at the exit of the air nozzle.

study is a weakly strained one, the OH concentration
in the unperturbed flame section (bright yellow) is
much higher than that in the highly strained flame
zone (dark blue) at the center. Disappearance of OH
in the region 4.2 mm , r , 5.2 mm suggests that
the flame is quenched. A few milliseconds later the
flame in the region r , 5.3 mm is completely extin-
guished.

The phenomenon of flame extinction in an annular

region rather than in the intuitively expected region
around the stagnation line could result from either
(1) maximum strain rate developing in the region
other than at the stagnation line or (2) combined
effect of preferential diffusion and flame curvature
reducing the reaction rates at a location other than
the maximum-strain-rate region. To investigate the
role of these possible effects during the vortex-flame
interaction shown in Fig. 2, calculations were per-
formed using the time-dependent CFDC code dis-
cussed earlier. Flow conditions for the steady-state
flame were matched with those used in the experi-
ment, and the computed flame structure is shown in
Fig. 1. The unsteady simulations were then per-
formed by injecting air through the central syringe
tube in such a way that the velocity at the exit in-
creased linearly at a rate of 103 m/s/s.

The axial velocities recorded at four locations
along the stagnation line (z 4 0, 12.5, 20, and 27.5
mm) are plotted with respect to time in Fig. 3. The
profile at z 4 0 represents the one used as the tran-
sient boundary conditions for the vortex-flame in-
teraction simulation. At t 4 0 the flame was located
at z 4 19.2 mm (cf. Fig. 1). In the opposing-flow
configuration, the linearly increasing velocity profile
transformed into a wave-like profile as the injected
mass approached the stagnation point. The times at
which the flame surface passed through the axial lo-
cations z 4 20 and 27.5 mm are indicated in Fig. 3
by shaded regions. The increasing velocity in the
flame zones (shaded areas) located farther upstream
suggests that the separation between the vortex and
the flame surface is decreasing with time.

The computed flowfields at four instants (9.1,
11.1, 12.1 and 12.54 ms) during the vortex-flame in-
teraction are shown in Fig. 4. Here, temperature and
OH-concentration fields are plotted on the right and
left halves, respectively. The instantaneous locations
of all the particles that were injected from the air-
side nozzles are shown in white, and those injected
from the fuel-side nozzles are shown in yellow. Note
that the z axis in Figs. 4a to 4d is shifted to accom-
modate the vortex. A few observations that can be
made from these instantaneous plots: (1) the OH
zone is thinner than the temperature field and is
shifted toward the air side (from which the vortex is
coming) of the peak-temperature surface, (2) as the
stagnation plane (surface that separates the convec-
tive flows from the fuel and air sides) forms on the
fuel side of the peak-temperature surface, the vortex
(marked with white particles) is penetrating into the
flame zone, and (3) the thinned flame is shifted with
the vortex significantly before being quenched.

A closer look at the flame structures in Figs. 4a to
4d suggests that up to t 4 11.1 ms, the peak OH
concentration and temperature decreased more at
the axis of symmetry than at any other location in
the flame zone as a result of the vortex-flame inter-
action. However, as the flame developed more
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Fig. 4. Computed flames and flowfields obtained at instants (a) 9.1 ms, (b) 11.1 ms, (c) 12.1 ms, and (d) 12.54 ms.
OH-concentration and temperature fields are shown on left and right halves, respectively. Instantaneous locations of
particles that were injected from air and fuel nozzle are shown in white and yellow, respectively.

curvature for t . 11.1 ms, the lowest OH concen-
tration and temperature locations shifted away from
the axis. In Fig. 4c, the concentration of OH at r 4
5.3 mm decreased below that of a stable flame
(0.08%), whereas its concentration elsewhere is still
above this level, suggesting that the flame is first
quenched annularly at r 4 5.3 mm. After another
0.44 ms of interaction (Fig. 4d), the flame is
quenched in the region r , 6 mm. Interestingly, the
combustion products are still present near the axis,
while they are almost dissipated at r 4 5.3 mm.

The computed flame in Fig. 4c qualitatively
matches the OH image (Fig. 2) obtained during the
experiments. In both flames, the diameter of the in-
teracting vortex is the same (16 mm), and quenching
is initiated at r ; 5.3 mm. However, the computed
flame appears to be pushed farther in the axial di-
rection than the flame in the experiment. This dif-
ference could result from the flush-mounted syringe
tube used in the model. The annular quenching pro-
cess in the simulations is quantitatively shown in Fig.

5 by plotting the flame shape (broken line) and its
temperature distribution (solid line) at different
times during the vortex-flame-interaction process.
The steady-state flame represented by line “a” is
curved concave with respect to the fuel jet as a result
of the difference in the densities and, hence, the
velocities of the fuel and air jets. Nevertheless, the
flame is at a uniform temperature of 1565 K (Line
“1”). As the vortex pushes the flame toward the fuel
jet, the flame temperature begins to decrease at the
axis of symmetry. For t . 11.1 ms, the flame tem-
perature is decreasing more in the region 4 mm ,
r , 6 mm than at the axis of symmetry. At t 4 12.1
ms, the flame temperature of 1085 K at r 4 5 mm
is ;70 K lower than that at r 4 0 mm and is ;45
K lower than that of the stable flame.

Time-accurate calculations using detailed chem-
istry and transport models can capture the annular-
quenching pattern observed in the experiments. To
further investigate the cause for annular quenching
during the vortex-flame interaction, detailed flame
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Fig. 5. Evolution of flame surface and changes in tem-
perature during interaction with the vortex that originated
on the air side.

Fig. 7. Comparison of flame structure at the stagnation
line with that located 5 mm away from the stagnation line
obtained at t 4 12.1 ms. (a) Velocity gradient and tem-
perature variation normal to the flame surface and (b) var-
iations in molar production and heat-release rates.

Fig. 6. Comparison of flame structure at the stagnation
line with that located 5 mm away from the stagnation line
obtained at t 4 11.1 ms. (a) Velocity gradient and tem-
perature variation normal to the flame surface and (b) var-
iations in molar production and heat-release rates.

structures obtained from the data shown in Figs. 4b
and 4c are plotted in Figs. 6 and 7, respectively. In
each case the local flame structures obtained along
the lines normal to the flame surface at r 4 0 and
5 mm are compared. To gain a better understanding,
the value of R (the distance in the direction normal
to the flame) is adjusted to align the peak tempera-
ture locations.

Figure 6 suggests that the flame structures ob-
tained at r 4 0 and 5 mm are quite similar, except
that the flame at 5 mm is slightly thicker. The flame
at this instant is not extinguished at any radial loca-
tion, and the flame temperature of 1228 K at r 4 0
and 5 mm is greater than the quenching limit. Air-
side strain rates calculated at both locations are
nearly the same (;1700 s11), and are higher than
the extinction limit (1410 s11) for the steady-state
flame. It is known that unsteady flames can with-
stand to higher strain rates because of non-equilib-
rium-chemistry effects [6].

The flame temperature of 1085 K at r 4 5 mm in
Fig. 7 is below the quenching limit, whereas that at
r 4 0 mm is still above it. Interestingly, the strain
rate (Kair) at r 4 5 mm is lower than that at 0 mm,
which suggests that the vortex-induced strain rate is
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not totally responsible for the quenching at the for-
mer location. Close inspection of Fig. 5 reveals that
the curvature (dz/dr) of the flame surface increases
rapidly in the region 5 mm . r . 8 mm for times
greater than 11.1 ms. In earlier studies of unsteady
coflowing hydrogen jet diffusion flames [18,25], it
was found that the temperature of the flame can in-
crease or decrease as a result of the combination of
preferential diffusion and curvature. Therefore, by
use of the understanding gained in those studies and
the analysis presented in this paper, the annular
quenching observed during the vortex-flame inter-
actions in opposing-flow hydrogen diffusion flames
is thought to result from preferential diffusion and
curvature—not strain rate.

Conclusion

Individual vortex-flame interactions are often
studied to gain better understanding of turbulent-
flame structures and, hence, to develop accurate tur-
bulence-chemistry interaction models. A time-de-
pendent CFDC code that incorporates 13 species
and 74 reactions among the constituent species has
been developed for the simulation of vortex-flame
interactions in opposing-flow hydrogen jet diffusion
flames. The model has been validated by directly
simulating several steady-state axisymmetric coun-
terflow diffusion flames and comparing the results
obtained along the stagnation line with those com-
puted with standard one-dimensional models and
experiments.

Experiments were conducted to investigate the
different quenching patterns one might expect dur-
ing vortex-flame interactions in opposing-flow hy-
drogen jet diffusion flames. It was observed that
when an air-side vortex is forced toward the flame at
a relatively high speed, the flame at the stagnation
line quenches, as expected, and the vortex passes
through that hole. On the other hand, when the vor-
tex is forced at a moderate speed, the flame surface
deforms significantly and quenching develops in an
annular manner away from the stagnation line. To
investigate the processes involved in the develop-
ment of such annular quenching, time-dependent
calculations were performed for the opposing-flow
jet flame using the axisymmetric CFDC code.

A steady-state opposing-flow jet flame was simu-
lated first, and then a vortex was injected into the
flow by ramping the velocity at the center portion of
the air-jet exit to represent the syringe injection used
in the experiment. Calculations performed with dif-
ferent injection times successfully captured the two
extinction patterns (point and annular) observed in
the experiments. Detailed analysis performed on the
instantaneous data obtained just before the devel-
opment of annular quenching and 1 ms later re-
vealed that (1) the strain rate in the annular region

is equal to or lower than that at the stagnation line,
and (2) the flame curvature increases significantly in
the annular region where the flame has began to
quench. Based on the understanding gained from
previous investigations of curvature effects in coaxial
hydrogen jet flames and the findings of this study, it
is thought that the unusual annular quenching ob-
served during the vortex-flame interactions in op-
posing-jet diffusion flames is caused by the com-
bined effect of preferential diffusion and flame
curvature.
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COMMENTS

Bernard Zamuner, French Aerospace Research Institute,

(ONERA) France. Computational results of a steady lam-
inar counter flow diffusion flame with a 1-D solver is often
sensitive to the grid size. If your discretization is too rough,
you may observe, for a particular stretch rate, extinction
where the flame should survive. Did you perform grid de-
pendence analyses in your 2-D computation?

Author’s Reply. Numerical results, in general, are sen-
sitive to the grid distribution. In the flame calculations, one
might see extinction due to insufficient grid spacing, the
exact grid spacing required to capture accurately the ex-
tinction process depends on the numerical schemes used.
After performing calculations using different grid spacings,
we found that 0.1-mm spacing in the axial and radial di-
rections is sufficient to capture the extinction process that
is independent of grid spacing.

●

Tadao Takeno, Nagoya University, Japan. Have you
studied what is the appropriate parameter to predict the
local extinction? We found the local dissipation rate can
predict the occurrence of the local extinction [1].
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1. Yamashita, H., Shimada, M., and Takeno, T., in Twenty-

Sixth Symposium (International) on Combustion, The
Combustion Institute, Pittsburgh, 1996, pp. 27–34.

Author’s Reply. We have not characterized the extinction
conditions using local flow parameters. Although the local
dissipation rate seems to predict extinction of a steady,
nearly flat flame, it may not be sufficient to describe the
extinction processes in a curved hydrogen flame. Some type
of correction to the dissipation-rate vs. temperature rela-
tionship based on the local Lewis number and flame cur-
vature is required.

●

H. N. Najm, Sandia National Laboratories, USA. The
disappearance of OH radical is used in this work as an
indicator of extinction. On the other hand, chemical pro-
duction and consumption rates are available from this nu-
merical simulation. In fact, the consumption rate of the fuel
(H2) was presented in the talk and was clearly nonzero in
locations where OH disappeared. The results indicate little
change (about 20% apparently) in H2 consumption rate
between flame regions where OH has disappeared and
where it is still present. This suggests that the disappear-
ance of OH in this flame is not an adequate indication of
local extinction, at least as far as the model and chemical
mechanism used in this work are concerned.

Author’s Reply. Extinction represents a process in which
the chemical kinetics transform from flame to no-flame re-
actions. Extinction does not occur instantaneously; rather,
it occurs over a period of time (typically in several hundred
ls). OH concentration, heat release rate, or any other
quantity represents only a particular state in this extinction
process. It is obvious that the first sign of the disappearance
of the OH radical does not represent an extinguished
flame; nevertheless, it does indicate a well-advanced state
in the extinction process. The temperature and H2 con-
sumption rate in Fig. 7 suggest that the flame in region r

4 5 mm is going through the extinction process, while
stable burning is taking place in the region r 4 0 mm.
Figures 4c and 4d show that changes in temperature are
evident only 440 ls after the changes in OH are observed.
In the simple diffusion flames investigated in this paper,
disappearance of the OH radical always leads to complete
extinction in a few microseconds. On the other hand, in
certain premixed flames, the extinction process may be ter-
minated after the disappearance of the OH radical—in
those situations, tagging the OH radial to extinction is not
sufficient.
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